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Introduction
The WF[1] agreements in RAN4#104e were captured in this contribution. The text proposal is for clauses 6 of TS36.102.
Discussion
The WF[1] agreements in RAN4#104e were captured in this contribution. The text proposal is for clauses 6 of TS36.102 and used as a starting point to assist in meeting the NTN IoT timeline.  
3 References
[1] R4-2214467, “WF on NB-IoT/eMTC NTN agenda items 12.5.1 and 12.5.4”, MediaTek Inc.

TP for Discussion on Clause 6 of TS 36.102
<Start of change>
[bookmark: _Toc368026212][bookmark: _Toc111062025][bookmark: _Toc112156188]6	Transmitter characteristics
[bookmark: _Toc368026213][bookmark: _Toc111062026][bookmark: _Toc112156189]6.1	General
Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single or multiple transmit antenna(s). For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed.
Unless otherwise stated, NB1 and NB2 requirements specified for an E-UTRA band shall also apply for the re-farmed NR band (e.g. if NB1/NB2 requirements are specified for E-UTRA band 255, they shall also apply for NR band n255).

[bookmark: _Toc368026214][bookmark: _Toc111062027][bookmark: _Toc112156190]6.2	Transmit power
[bookmark: _Toc368026216][bookmark: _Toc111062028][bookmark: _Toc112156191]6.2.1	UE maximum output power
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth for non CA configuration unless otherwise stated. The period of measurement shall be at least as defined in Table 6.2.1-1.
Table 6.2.1-1: Measurement period for UE maximum output power
	TTI pattern
	Minimum measurement period

	Subframe
	1ms

	Slot
	7OS

	Subslot
	2OS, 3OS



The default power class PPowerClass_Default for an operating band is Power Class 3 unless otherwise stated.
For each supported frequency band, the UE shall:
-	if the UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:
-	if the IE P-Max as defined in TS 36.331 is not provided; or
-	if the IE P-Max as defined in TS 36.331 is provided and set to the maximum output power of the default power class or lower;
-	meet all requirements for the default power class of the operating band in which the UE is operating and set its configured transmitted power as specified in sub-clause 6.2.4;
-	else (i.e the IE P-Max as defined in TS 36.331 is provided and set to the higher value than the maximum output power of the default power class):
-	meet all requirements for the supported power class and set its configured transmitted power class as specified in sub-clause 6.2.4;

[bookmark: _Toc111062029][bookmark: _Toc112156192]6.2.1A	 UE maximum output power for Category M1 UE
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth for non CA configuration and UL-MIMO unless otherwise stated. The period of measurement shall be at least one sub frame (1ms).
Table 6.2.1A-1: UE Power Class
	EUTRA band
	Class 2
(dBm)
	Tolerance
(dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)

	256
	
	
	23
	+/-2
	20
	+/-2

	255
	
	
	23
	+/-2
	20
	+/-2

	NOTE 1:	Void
NOTE 2:	2 refers to the transmission bandwidths (Figure 5.3.1-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB
NOTE 3:	PPowerClass is the maximum UE power specified without taking into account the tolerance
NOTE 4:	Applicable for category M1 HD-FDD UE



[bookmark: _Toc111062030][bookmark: _Toc112156193]6.2.1B	 UE maximum output power for category NB1 and NB2
Category NB1 and NB2 UE Power Classes are specified in Table 6.2.1B-1 and define the maximum output power for any transmission bandwidth within the category NB1 and NB2 channel bandwidth. For 3.75 kHz sub-carrier spacing the maximum output power is defined as mean power of measurement which period is at least one slot (2ms) excluding the 2304Ts gap when UE is not transmitting. For 15kHz sub-carrier spacing the maximum output power is defined as mean power of measurement which period is at least one sub-frame (1ms).
Table 6.2.1B-1: UE Power Class
	EUTRA band
	Class 3 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)

	256
	23
	+/-2
	20
	+/-2

	255
	23
	+/-2
	20
	+/-2



[bookmark: _Toc368026219][bookmark: _Toc111062031][bookmark: _Toc112156194]6.2.2	UE maximum output power reduction
This clause is reserved.
[bookmark: _Toc108616986][bookmark: _Toc111062032][bookmark: _Toc112156195]6.2.2A	 UE maximum output power reduction for category M1
Editor’s note: <Depends on outcome of SEM/ACLR discussion>
[bookmark: _Toc111062033][bookmark: _Toc112156196]6.2.2B	 UE maximum output power reduction for category NB1 and NB2
Editor’s note: <Depends on outcome of SEM/ACLR discussion>

[bookmark: _Toc111062034][bookmark: _Toc112156197]6.2.3	UE additional maximum output power reduction
[bookmark: _Toc108616989][bookmark: _Toc111062035][bookmark: _Toc112156198]This clause is reserved.
6.2.3A	 UE additional maximum output power reduction for category M1 UE
Additional ACLR and spectrum emission requirements can be signalled by the network to indicate that the UE shall also meet additional requirements in a specific deployment scenario. To meet these additional requirements, Additional Maximum Power Reduction (A-MPR) is allowed for the output power as specified in Table 6.2.1A-1. Unless stated otherwise, an A-MPR of 0 dB shall be used.
Editor’s note: < Further discussion is needed for outcome.>
[bookmark: _Toc111062036][bookmark: _Toc112156199]6.2.3B	 UE additional maximum output power reduction for category NB1 and NB2 UE
Additional ACLR and spectrum emission requirements can be signalled by the network to indicate that the UE shall also meet additional requirements in a specific deployment scenario. To meet these additional requirements, Additional Maximum Power Reduction (A-MPR) is allowed for the output power are specified. For the agreed E-UTRA bands for category NB1 and NB2 UE an A-MPR of 0 dB shall be allowed unless specified otherwise.
Editor’s note: < Further discussion is needed for outcome.>

6.2.4	Configured transmitted power
This clause is reserved.
[bookmark: _Toc111062037][bookmark: _Toc112156200]6.2.4A	 Configured transmitted Power for category M1
The configured transmitted power requirements in clause 6.2.5 of TS 36.101 shall apply, wherein
-	The Maximum output power requirements are specified in subclause 6.2.1A
-	The MPR requirements are specified in subclause 6.2.2A
-	The A-MPR requirements are specified in subclause 6.2.3A.

[bookmark: _Toc408323042][bookmark: _Toc111062038][bookmark: _Toc112156201]6.2.4B	 Configured transmitted Power for category NB1 and NB2
For category M1 UE, the configured transmitted power requirements in clause 6.2.5F of TS 36.101 shall apply, wherein
-	The Maximum output power requirements are specified in subclause 6.2.1B
-	The MPR requirements are specified in subclause 6.2.2B
-	The A-MPR requirements are specified in subclause 6.2.3B.

[bookmark: _Toc368026234][bookmark: _Toc111062039][bookmark: _Toc112156202]6.3	Output power dynamics
[bookmark: _Toc368026236][bookmark: _Toc111062040][bookmark: _Toc112156203]6.3.1	Minimum output power
This clause is reserved.
6.3.1A UE Minimum output power for category M1
The minimum controlled output power of the UE is defined as the broadband transmit power of the UE, i.e. the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks), when the power is set to a minimum value. 
The minimum output power is defined as the mean power in one sub-frame (1ms). The minimum output power shall not exceed the values specified in Table 6.3.2.1-1 of TS 36.101.
[bookmark: _Toc111062041][bookmark: _Toc112156204]6.3.1B	 UE Minimum output power for category NB1 and NB2
For category NB1 and NB2 UE, the requirements in clause 6.3.2F of TS 36.101 shall apply.

[bookmark: _Toc368026242][bookmark: _Toc111062042][bookmark: _Toc112156205]6.3.2	Transmit OFF power
This clause is reserved.
6.3.2A	 Transmit OFF power for category M1
Transmit OFF power is defined as the mean power when the transmitter is OFF. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During DTX and measurements gaps, the UE is not considered to be OFF.
The transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1ms) excluding any transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.3.1-1 of TS 36.101.
[bookmark: _Toc111062043][bookmark: _Toc112156206]6.3.2B	 Transmit OFF power for category NB1 and NB2
For category NB1 and NB2 UE, the requirements in clause 6.3.3F of TS 36.101 shall apply.

[bookmark: _Toc368026248][bookmark: _Toc111062044][bookmark: _Toc112156207]6.3.3	ON/OFF time mask
[bookmark: _Toc111062045][bookmark: _Toc112156208]This clause is reserved.
6.3.3A	 ON/OFF time mask for category M1
The requirements for transmit ON/OFF time mask defined in clause 6.3.4 of TS 36.101 shall apply. 
6.3.3B	 ON/OFF time mask for category NB1 and NB2
For category NB1 and NB2 UE, the requirements in clause 6.3.4F of TS 36.101 shall apply.

[bookmark: _Toc111062046][bookmark: _Toc112156209]6.3.4	Power Control
[bookmark: _Toc108617004][bookmark: _Toc111062047][bookmark: _Toc112156210]This clause is reserved.
6.3.4A	 Power control for category M1
For category M1 UE, the requirements in clause 6.3.5E of TS 36.101 shall apply, wherein
-	The Maximum output power requirements are specified in subclause 6.2.1A
-	The Minimum output power requirements are specified in subclause 6.3.1.
-	The requirements for configured transmitted power are specified in subclause 6.2.4A.

[bookmark: _Toc111062048][bookmark: _Toc112156211]6.3.4B	 Power Control for category NB1 and NB2
For category NB1 and NB2 UE, the requirements in clause 6.3.5F of TS 36.101 shall apply, wherein
-	The Maximum output power requirements are specified in subclause 6.2.1B
-	The Minimum output power requirements are specified in subclause 6.3.1B
-	The requirements for configured transmitted power are specified in subclause 6.2.4B.

[bookmark: _Toc368026273][bookmark: _Toc111062049][bookmark: _Toc112156212]6.4	Transmit signal quality
[bookmark: _Toc368026274][bookmark: _Toc111062050][bookmark: _Toc112156213]6.4.1	Frequency error
[bookmark: _Toc108617008][bookmark: _Toc111062051][bookmark: _Toc112156214]This clause is reserved.
6.4.1A	 Frequency error for UE category M1
Table 6.4.1A-1: Frequency error requirement for HD-FDD UE category M1
	Carrier frequency [GHz]
	Frequency error [ppm]

	≤1
	±0.2

	>1
	±0.1



Editor’s note: < Reuse 0.1 and 0.2 ppm requirements of frequency error and further discuss the condition where the requirements are applied. Further context will be added. Context consistent with 38.101-5 is considered. >
[bookmark: _Toc111062052][bookmark: _Toc112156215][bookmark: _Toc368026277]6.4.1B	 Frequency error for UE category NB1 and NB2

Table 6.4.1B-1: Frequency error requirement for UE category NB1 and NB2
	Carrier frequency [GHz]
	Frequency error [ppm]

	≤1
	±0.2

	>1
	±0.1



Editor’s note: < Reuse 0.1 and 0.2 ppm requirements of frequency error and further discuss the condition where the requirements are applied. Further context will be added. Context consistent with 38.101-5 is considered. >

[bookmark: _Toc111062053][bookmark: _Toc112156216]6.4.2	Transmit modulation quality
Transmit modulation quality defines the modulation quality for expected in-channel RF transmissions from the UE. The transmit modulation quality is specified in terms of:
-	Error Vector Magnitude (EVM) for the allocated resource blocks (RBs)
-	EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process
-	Carrier leakage
-	In-band emissions for the non-allocated RB
All the parameters defined in subclause 6.4.2 are defined using the measurement methodology specified in clause Annex F of TS 36.101.
[bookmark: _Toc108617011][bookmark: _Toc111062054][bookmark: _Toc112156217]6.4.2A	 Transmit modulation quality for category M1
For category M1 UE, the requirements in clause 6.5.2E of TS 36.101 shall apply, and only QPSK and 16QAM in UL shall be applicable.
[bookmark: _Toc111062055][bookmark: _Toc112156218]6.4.2B	 Transmit modulation quality for Category NB1 and NB2
Transmit modulation quality requirements for Category NB1 and NB2 UEs for BPSK and QPSK modulation as specified in clause 6.5.2F of 36.101 are applicable
[bookmark: _Toc368026297][bookmark: _Toc111062056][bookmark: _Toc112156219]6.5	Output RF spectrum emissions
The output UE transmitter spectrum consists of the three components; the emission within the occupied bandwidth (channel bandwidth), the Out Of Band (OOB) emissions and the far out spurious emission domain.
[image: ]
Figure 6.5-1: Transmitter RF spectrum
[bookmark: _Toc368026298][bookmark: _Toc111062057][bookmark: _Toc112156220]6.5.1	Occupied bandwidth
This clause is reserved.
6.5.1A	 Occupied bandwidth for category M1
Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel. The occupied bandwidth for all transmission bandwidth configurations (Resources Blocks) shall be less than the 1.4MHz channel bandwidth specified in Table 6.6.1-1 of TS 36.101
[bookmark: _Toc111062058][bookmark: _Toc112156221]6.5.1B	 Occupied bandwidth for category NB1 and NB2
For category NB1 and NB2 UE, the requirements in clause 6.6.1F of TS 36.101 shall apply.

[bookmark: _Toc368026301][bookmark: _Toc111062059][bookmark: _Toc112156222]6.5.2	Out of band emission
The out of band emissions are unwanted emissions immediately outside the assigned channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask and an Adjacent Channel Leakage power Ratio.
6.5.2A	 Out of band emission for category M1
[bookmark: _Toc111062060][bookmark: _Toc112156223]6.5.2A.1	Spectrum emission mask
Editor’s note: <Assume TN as baseline, and reconfirm after coexistence verification. >
[bookmark: _Toc111062061][bookmark: _Toc112156224]6.5.2A.2	Additional Spectrum Emission Mask for category M1
The additional spectrum emission mask is not applicable.
[bookmark: _Toc111062062][bookmark: _Toc112156225]6.5.2A.3	Adjacent Channel Leakage Ratio for category M1
Editor’s note: < Wait for coexistence verification outcome. >

[bookmark: _Toc111062063][bookmark: _Toc112156226]6.5.2B	 Out of band emission for category NB1 and NB2
[bookmark: _Toc111062064][bookmark: _Toc112156227]6.5.2B.1	Spectrum emission mask
Editor’s note: <Assume TN as baseline, and reconfirm after coexistence verification.>
[bookmark: _Toc111062065][bookmark: _Toc112156228]6.5.2B.2	Additional Spectrum Emission Mask for Category category NB1 and NB2
The additional spectrum emission mask for category NB1 and NB2 is not applicable.
[bookmark: _Toc111062066][bookmark: _Toc112156229]6.5.2B.3	Adjacent Channel Leakage Ratio for category NB1 and NB2
Editor’s note: < Wait for coexistence verification outcome.>

[bookmark: _Toc368026321][bookmark: _Toc111062067][bookmark: _Toc112156230]6.5.3	Spurious emissions
Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions unless otherwise stated. The spurious emission limits are specified in terms of general requirements inline with SM.329 [2] and E-UTRA operating band requirement to address UE co-existence.
To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
6.5.3A	 Spurious emission for category M1
[bookmark: _Toc368026322][bookmark: _Toc111062068][bookmark: _Toc112156231]6.5.3A.1	Minimum requirements
[bookmark: _Toc368026324][bookmark: _Toc111062069][bookmark: _Toc112156232]<To be added>
6.5.3A.2	Spurious emission band UE co-existence
Editor’s note: <Further input needed but consider NR NTN and existing E-UTRA TN as baselines.>
[bookmark: _Toc368026326][bookmark: _Toc111062070][bookmark: _Toc112156233]6.5.3A.3	Additional spurious emission
These requirements are specified in terms of an additional spectrum emission requirement. Additional spurious
emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a
specific deployment scenario as part of the cell handover/broadcast message.
Editor’s note: < Further input needed given that there are additional spurious emissions requirements for band 255. >

[bookmark: _Toc111062071][bookmark: _Toc112156234]6.5.3B	 Spurious emission for category NB1 and NB2
<To be added>

[bookmark: _Toc368026349][bookmark: _Toc111062072][bookmark: _Toc112156235]6.6	Transmit intermodulation
[bookmark: _Toc368026350][bookmark: _Toc111062073][bookmark: _Toc112156236]6.6.1	Minimum requirement
This clause is reserved.
6.6.1A	 Minimum requirement for category M1
For category M1 UE, Tx intermodulation requirements are not applicable.
[bookmark: _Toc111062074][bookmark: _Toc112156237]6.6.1B	 Minimum requirement for category NB1 and NB2
For category NB1 and NB2 UE, the Tx intermodulation requirements in clause 6.7.1F of TS 36.101 shall apply.

<End of change>
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